at the age of 76. He has been described as one of the greatest scientific minds in history and the most popular scientific figure since Albert Einstein. He is also a symbol of human courage and persistence, having continued in his work for decades in spite of a debilitating disease that left him confined to a wheelchair. Hawking was diagnosed with amyotrophic lateral sclerosis in his early twenties. This rare disease leads to gradual decline of the brain's ability to control muscles. Doctors predicted that he would live for only a few years, but the advance of the disease was slower than expected, thereby allowing him to pursue an illustrious career articulating theories of the cosmos and bringing science to the forefront of popular culture. tephen Hawking amazed the scientific world with his theories on the nature of the cosmos; however, he also amazed neurologists by defying the odds in surviving for five decades after his diagnosis with amyotrophic lateral sclerosis (ALS) [1] [2] [3] [4] . Most people diagnosed with ALS die within five years, and the average life expectancy is only 14 months.
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Stephen Hawking developed the motor neuron disease ALS in his early 20s. At that time, he felt that he had been dealt an unfair hand. During his third year at Oxford, he found himself becoming increasingly clumsy and falling frequently [1] . While in Cambridge, his father took him to the family physician who sent him to the hospital for tests after his 21st birthday. Stephen Hawking told the British Medical Journal that this motor neuron disease has many potential causes, and that his ailment might be due to an inability to absorb vitamins [1] .
After numerous tests, the doctors told him that his was an atypical case. Hawking came to realize that his condition would worsen and that doctors could do little more than prescribe vitamins. His condition eventually confined him to a wheel chair and by the late 1960s, he was experiencing difficulties writing. In the 1970s, he began to have trouble expressing himself verbally, and in 1985 he underwent a tracheotomy after which he never regained the ability to speak [1] .
Amyotrophic Lateral Sclerosis
ALS accounts for 85% of cases of motor neuron disease [5] . ALS is a fatal, paralytic disorder resulting from a degeneration of motor neurons in the spinal cord and brain. Most cases are sporadic; however, approximately 5 to 10% are familial [2, 5] .
Several potential mechanisms have been proposed to be associated with the pathogenesis of ALS including, glutamate-induced excitotoxicity, oxidative stress, protein aggregation, and mitochondrial dysfunction ( Figure 1 ) [6] . Research into the molecular mechanisms behind the degeneration of motor neurons in ALS has revealed that the most common mutation occurs in the gene encoding the antioxidant enzyme superoxide dismutase 1 (SOD1). The SOD1 gene codes for copper/zinc ion-binding SOD [2] . Familial ALS is also associated with several other genes, including TARDBP encoding TAR DNA-binding protein 43 (TDP-43); FUS, coding for fusion in sarcoma; ANG, coding for angiogenin, ribonuclease, and the RNAase A family 5; OPTN, coding for optineurin; and C9orf72 [5, [7] [8] [9] [10] [11] [12] . Nonetheless, the roots of other forms of ALS have yet to elucidated. Despite extensive research into the genes identified as the cause of ALS, the actual pathogenic mechanism behind motor-neuron degeneration remains a mystery. Some cases of ALS are associated with dementia; however, the link between the two conditions remains unclear [13] . Progression of this neuromuscular disease affects the motor neurons in the brain and spinal cord that are responsible for transmitting signals to voluntary muscles in the body. ALS is characterized by gradual weakening due to the withering of muscle, causing difficulty speaking, swallowing, and eventually even breathing. ALS remains incurable, and no medication capable of halting or reversing the progressive loss of neurons has been developed. Nonetheless, the disease is not untreatable. ALS management has improved considerably over the past few decades [2, [14] [15] [16] [17] [18] [19] [20] [21] .
How Hawking Survived 5 Decades with ALS
ALS predominantly affects people aged 50-60 years, and only 5% of patients experience onset before the age of 30 years [1, 2, 5] . The prognosis for younger patients is far better than for those diagnosed in middle or old age [2, 5] . The fact that Hawking lived with this terminal disease for so long was unprecedented. His ALS progressed more slowly than expected and eventually burnt itself out [1, 3] . His indomitable will and the care he received no doubt also contributed to his ability to survive for as long as he did.
Determination and Success
The onslaught of the disease overtook most of his muscles, which forced him to communicate using a voice synthesizer. For the remainder of his life, the only control he had over his body was in his eyes and his fingers with which he controlled his wheelchair. Despite being confined to a wheelchair, he lived life to the full, both professionally and personally. He never allowed his physical condition to interfere with the way he lived his life. On his 60th birthday, he took a hot-air balloon flight and at the age of 65, he took part in a zero-gravity flight. His attendance at scientific meetings and conferences brought him to every continent, including Antarctica. He married twice and is survived by three children. He never lost his sense of humor or zest for life. He enjoyed racing his wheelchair around Cambridge where he lived, and even had an accident that resulted in a broken bone.
He appeared in cameo performances in the popular TV series Star Trek: The Next Generation, the comedy series The Big Bang Theory, and was even portrayed in The Simpsons. A six-part television series called Stephen Hawking's Universe explained concepts such as the Big Bang theory, dark matter and black holes as well as the origin of the universe [22] . His life story was told in the popular movie, The Theory of Everything (2014).
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Stephen Hawking addressed many of the most basic questions about the universe, such as why we are here and where we came from [23] . That quest led him to a landmark in the advancement of science. He made some of the most important advances in our understanding of black holes, a concept derived from Einstein's General Theory of Relativity. His work with Roger Penrose revealed that the universe has a beginning and an end [24] . He theorized that space and time began at the Big Bang and would end ultimately in the evaporation of black holes.
Black holes are regions in the cosmos with gravitational forces that are so strong that not even radiation or light can escape. He postulated what would happen to matter sucked into a black hole, and his work represents a turning point in modern physics. No researcher before Hawking had applied quantum theory to the study of black holes, due to the fact that the scale of spacetime is infinitely large compared to the Planck length of 10 −33 cm. Hawking's linking of gravity and quantum mechanics revealed a universe beyond the imagination of most scientists at the time.
His proposal that matter could be erased from the universe contradicted conventional thinking and the most basic tenets of quantum theory. He also made important progress in linking General Relativity and Quantum Mechanics to the Laws of Thermodynamics. His calculations showed that black holes would eventually spew out radiation, explode, and disappear. A black hole is no longer black when it explodes [25] . Hawking expressed a desire that the radiation leaked from black holes, known as Hawking radiation, would be inscribed on his tombstone.
Hawking Stephen had a tremendous talent for explaining difficult theories using non-technical language. His book A Brief History of Time: From the Big Bang to Black Holes (1988) became a best-seller and made him famous outside the scientific community. That book brought to life for people in all walks of life the mysteries of the Big Bang, the expansion of the universe, black holes, and other cosmological phenomena [26] .
Stephen Hawking won numerous honors during his lifetime. He was inducted into the Royal Society in 1974. He was the recipient of the Albert Einstein Award in 1978. Queen Elizabeth II bestowed on him the highest distinction when she made him a Companion of Honor in 1989. The fact that he was denied a Nobel prize is due only to the speculative nature of his work.
Nonetheless, recent work conducted by the Laser Interferometer Gravitational-wave Observatory (LIGO) in the US may well provide proof of his theories.
In February 2016, LIGO detected gravitational waves generated from a black hole merger. It was the first ever reading of this kind and may prove Hawking's theory about the fate of black holes. Later in the year, LIGO reported a second detection of gravitational waves caused by colliding black holes [27] .
His work has provided important new directions for the advancement of scientific thought.
Stephen Hawking will continue to be an inspiration to millions of people.
Even in the face of extreme adversity, he lived a full life and made important contributions to the advancement of humankind.
